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ABSTRACT   
Here we would like to discuss the light transmission modulation by periodic and disordered one dimensional (1D) 
photonic structures. In particular, we will present some theoretical and experimental findings highlighting the peculiar 
optical properties of: i) 1D periodic and disordered photonic structures made with two or more materials 1,2; ii) 1D 
photonic structures in which the homogeneity3 or the aggregation4 of the high refractive index layers is controlled. We 
will focus also on the fabrication aspects of these structures.  
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1. INTRODUCTION  
Photonic crystals are structures in which the periodic arrangement of materials with different refractive indexes results in 
a peculiar behaviour, characterized by the occurrence of the photonic band gap5–7. The photonic band gap is an energy 
region in which light is not allowed to propagate through the photonic structure. One-dimensional (1D) photonic crystals 
are a monodimensional alternation of the high and low refractive index materials and for these structures the photonic 
band gap occurs only in the direction of such alternation. 1D structures can be useful for several applications, as for 
example sensing8–11, microcavity-based or distributed feedback lasers12–14, solar cells15–17. The structure-property 
relationship in one-dimensional (1D) photonic structures, especially when they are characterized by aperiodic 
(Fibonacci, Thue-Morse, Rudin-Shapiro, Cantor, etc.) or disordered sequences, is an attractive field in the community of 
optics and photonics18–22. The possibility to fabricate 1D photonic structures with diverse and flexible techniques, as for 
example spin coating16,23,24, radiofrequency sputtering25,26 and pulsed laser deposition27, allows to study these structures 
with a desired arrangement. 
In this manuscript, we discuss the optical properties, in terms of light transmission, of 1D multilayer photonic structures 
in the cases of periodicity and disorder. We will mainly focus on the particular optical properties, from a theoretical and 
experimental point of view of: i) 1D periodic photonic crystals and 1D disordered photonic structures made with 
materials and made with more than two materials; ii) 1D disordered photonic structures in which the homogeneity, of the 
 
 
 
 
 
 
high refractive index layers distributed along the length of the structure, or the aggregation of the high refractive index 
layers among the low refractive index layers is controlled by certain models. 
 
2. METHODS  
In order to simulate the light transmission of the 1D photonic structures we employ the transfer matrix method, a 
versatile method already described in 21,28–30. In the simulation the light impinges orthogonally the glass substrate (with 
refractive index ns=1.46), the multilayer and air (with refractive index n0=1). The parameters of the different multilayer 
structures studied here are indicated in the Results and Discussion section. 
 
3. RESULTS AND DISCUSSION  
In Figure 1 we show the sketches of 1D periodic, aperiodic and disordered photonic structures. The aperiodic 1D 
structure follows the Fibonacci sequence ABAABABAABAABABAABABA. 
 
 
Figure 1. Sketches of 1D (a) periodic, (b) aperiodic (following the Fibonacci sequence ABAABABAABAABABAABABA) 
and (c) disordered photonic structures. 
 
To make a photonic crystal with more than two materials we have to build structures with unit cells that include all the 
materials. For example, a three-material photonic crystal of n unit cells follows a sequence (ABC)n, a four-material 
photonic crystal of n unit cells follows a sequence (ABCD)n, etc. 
We take into account the wavelength dispersions of the refractive indexes n(λ) of different materials to make a reliable 
simulation of the 1D photonic structures. In Figure 2a we show the wavelength dispersions of the refractive indexes of 
SiO2 31, Al2O3 32, Y2O3 33 and ZrO2 34. By employing these refractive indexes in the transfer matrix method we have 
simulated the transmission spectra of a 60 layer two-material (SiO2 and Y2O3) photonic crystal (30 unit cells with 2 
materials), of a 60 layer three-material (SiO2 , Al2O3 and Y2O3) photonic crystal (20 unit cells with 3 materials), and of a 
60 layer four-material (SiO2 , Al2O3 , Y2O3 and ZrO2) photonic crystal (15 unit cells with 4 materials). The transmission 
spectra, in the energy range 0.4 – 2.2 eV, are depicted in Figure 2b. The thickness of each layer is a numerical value 
divided by the refractive index of the material at about 2 eV. Thus, the thickness of the SiO2 layers is (240/1.457) nm, the 
thickness of the Al2O3 layers is (240/1.7665) nm, the thickness of the Y2O3 layers is (240/1.9264) nm, and the thickness 
of the ZrO2 layers is (240/2.1535) nm. It is evident that, for structures made with m materials, we observe m-1 photonic 
band gaps occurring. We would like to mention that an experimental fabrication of a ternary photonic crystal made, by 
solution processing, with cellulose, poly vinylalcohol and poly (N-vinylcarbazole) has been performed by Manfredi et al. 
35. 
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Figure 2. (a) Wavelength dispersions of the refractive indexes of SiO2 (solid curve), Al2O3 (dashed curve), Y2O3 (dot-dashed 
curve), ZrO2 (dotted curve). (b) Transmission spectra of (above) a photonic crystal made with SiO2 and Y2O3 , (center) a 
photonic crystal made with SiO2 , Al2O3 and Y2O3 , (below) a photonic crystal made with SiO2 , Al2O3 , Y2O3 and ZrO2 . 
 
 
Figure 3. (above) Photonic crystal made with SiO2, Al2O3, Y2O3 and ZrO2; (below) disordered photonic structure made with 
SiO2, Al2O3, Y2O3 and ZrO2. 
 
In Figure 3 we show the transmission spectrum of a four-material photonic crystals (above) and the spectrum of a four-
material photonic structure where the 4 materials are randomly arranged along the structure.  
In disordered photonic structures it is interesting to correlate the homogeneity of the structure with the optical properties. 
To measure the homogeneity of the structure we employ the Shannon index, that measure how many different species (in 
our case the high refractive index layers) are in a dataset and simultaneously takes into account the distribution of the 
species 3,21,36. As a quantity to study the properties of photonic structures as a function of the homogeneity, we use the 
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normalized total transmission, where the total transmission is the numerical integral of the light transmission in a 
selected range of wavelengths, and the normalized total transmission is the total transmission normalized by a certain 
value (in this case the total transmission of a periodic photonic crystal). 
In Figure 4 we show the normalized total transmission (in the range 660 nm – 1760 nm) as a function of the Shannon 
index for a 64 layer 1D photonic structure made of SiC (as high refractive index material) and SiO2 (as low refractive 
index material), 16 layers of SiC and 48 layers of SiO2. Each layer has a thickness of 69 nm. We calculate the Shannon 
index, and simulate the corresponding total transmission with the transfer matrix theory, of 2500 disordered structure and 
the periodic crystal (+ sign in Figure 5). 
 
 
Figure 4. Normalized average transmission (normalized by the total transmission of the periodic photonic crystal) of 
SiO2/SiC 1D photonic structures with different homogeneity. The + sign represents the transmission of the periodic photonic 
crystal. 
 
The Sellmeier equation related to the wavelength dispersion of the refractive index of SiC is, in the range 0.425 – 2 µm 
(the wavelength λ is in µm): 𝑛!"#! 𝜆 = 0.21 + !".!"!!!!!!.!"#$% + !.!!"#!!!!!!.!"#"" + !"#.!!!!!!!"#.!      (1) 
(fit from the experimental data in Refs. 37,38, with R2 = 0.968). The Sellmeier equation for SiO2 has been taken from Refs. 
31,37. 
It is interesting that the homogeneity of the 1D structure strongly affects the normalized total transmission. Disordered 
1D photonic structures where the high refractive index layers are homogeneously distributed in the structures have a total 
transmission that is lower with respect to the period crystal. By decreasing the homogeneity of the structure we observe 
an increase of the total transmission: e.g. structures with the Shannon index <0.6 have a total transmission that is higher 
with respect to the one of the periodic crystal. 
Finally, we can also correlate the the aggregation of the high refractive index layers in the 1D structure with the optical 
properties of such structures. We have observed that, for distributions of clusters that follow a power law, if we plot the 
total transmission as a function of the exponent of the power law, such trend follows a sigmoidal function 4. 
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4. CONCLUSION  
In this manuscript we have discussed the light transmission of different types of 1D photonic structures. We have studied 
1D periodic and disordered photonic structures made with more than 2 materials. Then, we have correlated the optical 
properties of 1D disordered photonic structures to the homogeneity of the structures, in terms of distribution of the high 
refractive index layer between the low refractive index layers, and to the aggregation of high refractive index layers in 
the structure. These findings can be interesting, from a fundamental point of view, for a better understanding of the the 
properties of disordered structures, and, from the applied point of view, for the fabrication of optical filters. 
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